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(54) Flameproof thermoplastic resin compositions 

(57) The present invention relates to flameproof 
thermoplastic resin compositions comprising (A) a base 
resin consisting of (a^ 80 to 96 % by weight of a ther- 
moplastic, halogen-free polycarbonate, and (a?) 20 to 4 
% by weight of a styrene-containing graft copolymer 
with a graft index of 40 to 90 % and a gel content of 40 
% or above, which is copolymerized with 30 to 70 % by 
weight of rubber with a glass transition temperature less 
than 10°C, 20 to 55 % by weight of at least one organic 
material selected from the group consisting of styrene, 
a-substituted styrene and nucleus-substituted styrene, 
5 to 25 % by weight of acrylonitrile and 0 to 20 % by 
weight of methylmethacrylate, (B) 5 to 20 parts by 
weight, per 100 parts by weight of the base resin(A), of 
a phosphorous blend of triarylphosphates and oligo- 
meric phosphates, or of a synthetic oligomeric phos- 
phate, and (C) 0.1 to 2.0 parts by weight, per 100 parts 
by weight of the base resin(A), of a perfluoroalkane pol- 
ymer. 
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Description 

The present invention relates to flameproof thermoplastic resin compositions, and specifically to those for molding, 
comprising a base resin consisting of a polycarbonate and a styrene-containing graft copolymer, a phosphorous com- 
5 pound and a perfluoroalkane polymer The phosphorous compound used as flame-retardant is a blend of triarylphos- 
phates and oligomeric phosphates, or a synthetic oligomeric phosphate. The thermoplastic resin compositions of the 
present invention may further contain such additives as inorganic fillers, heat stabilizers, dyes, or pigments in fractions 
as needed. 

A polycarbonate molding composition is widely used for parts of automobiles and electrical appliances, which has 

10 a good combination of transparency, high impact strength and heat resistance. However the polycarbonate molding 
composition does not have a good processability during a molding process. Accordingly other resins are used with a 
polycarbonate resin. For example, a molding composition comprising a polycarbonate resin and a styrenic resin has a 
good processability as well as a high notched impact strength. 

Furthermore, the polycarbonate molding composition used for housing materials of home appliances and comput- 

15 ers should be flame resistant for the sake of prevention of fire. For this purpose, halogen and/or antimony containing 
compound has been used to render flame retardency to a thermoplastic molding composition. In U.S. Patent Nos. 
4,983,658 and 4,883,835, a halogen-containing compound is used as flame-retardant. The halogen containing com- 
pound, however, results in the corrosion of the mold itself by the hydrogen halide gases released during a molding proc- 
ess and is fatally harmful due to the toxic gases liberated in the case of fire. 

20 U.S. Patent No. 4,692,488 discloses a thermoplastic molding composition comprising a halogen-free aromatic 
polycarbonate, a halogen-free thermoplastic copolymer of styrene and acrylonitrile, a halogen-free phosphorous com- 
pound, a tetrafluoroethylene polymer and graft polymers of ABS. The use of a phosphorous compound and a perfluor- 
oalkane polymer to render flame retardency to a polycarbonate/ABS resin composition, as disclosed in U.S. Patent No. 
4,692,488, prevents the dripping of flaming particles during combustion. However the resin composition results in sat- 

25 isfactory flame retardency, but unsatisfactory surface segregation of the flame retardants during a molding process, 
called "juicing", degrading the physical properties of the resin composition. In order to improve the juicing phenomenon, 
an oligomeric phosphate is used in the preparation of a polycarbonate/ABS resin composition, as disclosed in U.S. Pat- 
ent No. 5,204,394. U.S. Patent No. 5,204,394 discloses a polymer mixture comprising an aromatic polycarbonate, a sty- 
rene-containing copolymer and/or styrene-containing graft copolymer and an oligomeric phosphate or a blend of 

30 oligomeric phosphates as flame retardant. 

In the U.S. Patents mentioned above, representative examples of the phosphorous compound are triarylphos- 
phates and oligomeric phosphates. In the process of using triarylphosphates, a juicing phenomenon occurs during a 
molding process because the triarylphosphates form laminae on the surface to which a strong stress is applied, the 
heat resistance of the resin composition deteriorates, and inferior processability occurs due to difficulties in blending 

35 and feeding. On the other hand, in the process of using oligomeric phosphates, a juicing phenomenon does not occur, 
but the appearance of molded articles is not good with color stripes. 

In case of using a base resin comprising a polycarbonate, a styrene-containing polymer and a styrene-containing 
graft copolymer in the resin composition, the present inventors have found that the particles of the styrene-containing 
polymer agglomerate with the particles of the styrene-containing graft copolymer. It is believed that the styrene-contain- 

40 ing polymer has a good compatibility with the styrene-containing graft copolymer. In the resin composition, the particles 
of the styrene-containing graft copolymer are not evenly distributed, thereby causing an agglomeration. This phenom- 
enon cannot provide a resin composition with favorable physical properties. Especially the physical properties of the 
resin composition will be deteriorated during a molding process. 

Accordingly the present inventors developed a new thermoplastic resin composition with a good combination of 

45 heat resistance, no juicing phenomenon, processability, appearance and flame retardency, by comprising a base resin 
consisting of a polycarbonate and a styrene-containing graft copolymer, a phosphorous compound and a perfluoroal- 
kane polymer. 

An object of the present invention is to provide a flameproof thermoplastic resin composition which comprises a 
base resin consisting of a polycarbonate and a styrene-containing graft copolymer, a phosphorous blend of triarylphos- 
so phates and oligomeric phosphates, and a perfluoroalkane polymer. 

Another object of the invention is to provide a flameproof thermoplastic resin composition which comprises a base 
resin consisting of a polycarbonate and a styrene-containing graft copolymer, a synthetic oligomeric phosphates and a 
perfluoroalkane polymer. 

A further object of the invention is to provide a flameproof thermoplastic resin composition with a good combination 
55 of heat resistance, no juicing phenomenon, processability and appearance, which comprises a base resin, a phospho- 
rous blend of triarylphosphates and oligomeric phosphates, and a perfluoroalkane polymer. 

A further object of the invention is to provide a flameproof thermoplastic resin composition with a good combination 
of heat resistance, no juicing phenomenon, processability and appearance, which comprises a base resin, a synthetic 
oligomeric phosphate, and a perfluoroalkane polymer. 
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The present invention relates to flameproof thermoplastic resin compositions comprising (A) a base resin consist- 
ing of (a,) 80 to 96 % by weight of a thermoplastic, halogen-free polycarbonate, and (a 2 ) 20 to 4 % by weight of a sty- 
rene-containing graft copolymer with a graft index of 40 to 90 % and a gel content of 40 % or above which is 
copolymenzed with 30 to 70 % by weight of rubber with a glass transition temperature less than 10*C 20 to 55 % by 
weight of at least one organic material selected from the group consisting of styrene. a-substituted styrene and nucleus- 
substituted styrene, 5 to 25 % by weight of acrylonitrile and 0 to 20 % by weight of methylmethacrylate. (B) 5 to 20 parts 
by weight, per 100 parts by weight of the base resin (A), of a phosphorous blend of triarylphosphates and oligomeric 
phosphates, or of a synthetic oligomeric phosphate, and (C) 0. 1 to 2.0 parts by weight, per 100 parts by weight of the 
base resin (A), of a perfluoroalkane polymer. 

Brief Description of the Drawings 

Fig.1 represents a transmission electron photomicrograph of a resin composition of Example 1 accordinq to this 
invention; 

Fig.2 represents a transmission electron photomicrograph of a resin composition of Example 2 according to this 
invention; 

Fig.3 represents a transmission electron photomicrograph of a resin composition of Example 3 accordinq to this 
invention; 

Fig.4 represents a transmission electron photomicrograph of a resin composition of Comparative Example 1 
20 according to this invention; 

Fig.5 represents a transmission electron photomicrograph of a resin composition of Comparative Example 2 
according to this invention; 

Fig.6 represents a transmission electron photomicrograph of a resin composition of Conparatjve Example 3 
according to this invention; and 

Fig.7 represents a transmission electron photomicrograph of a resin composition of Comparative Example 4 
according to this invention. 

The flameproof thermoplastic resin compositions according to the invention comprise a base resin(A) a phospho- 
rous compound(B) and a perfluoroalkane polymer(C). The detailed descriptions of each component are as follows: 

(A) Base Resin 

The base resin used in this invention is a blend of a thermoplastic, halogen-free polycarbonate and a styrene-con- 
taining graft copolymer. More particularly, the base resin consists of 80 to 96 % by weight of a thermoplastic halogen- 
free polycarbonate and 20 to 4 % by weight of a styrene-containing graft copolymer. 

According to substituted groups, there are aromatic polycarbonates, aliphatic polycarbonates, and aro- 
matic/aliphatic polycarbonates, and a polycarbonate or a blend of the polycarbonates may be used in this invention 
Aromatic polycarbonates are preferable, and aromatic polycarbonates synthesized from 2.2'-bis(4-hydroxylphenyl)pro- 
pane. called "Bisphenol A", are more preferable. 

The styrene-containing graft copolymer is prepared by copolymerization of 30 to 70 % by weight of rubber with a 
glass transition temperature less than 10 "C, 20 to 55 % by weight of at least one organic material selected from the 
group consisting of styrene. a-substituted styrene and nucleus-substituted styrene, 5 to 25 % by weight of acrylonitrile 
f "I 0 ! 0 20 % by We,ght <* meth y ,m ethacrylate. The styrene-containing graft copolymer should have a graft index of 40 
to 90 % and a gel content of 40 % or above, 

The rubbers used to prepare a styrene-containing graft copolymer are acryl rubber, butadiene rubber, ethylene/bro- 
pylene rubber, styrene/butadiene rubber and acrylonitrile/butadiene rubber, of which acryl rubber and butadiene rubber 
are more preferable. 

The base resin of this invention does not include a styrene-containing copolymer(so called, "SAN") , which is polym- 
erized with at least one organic material selected from the group consisting of styrene. a-substituted styrene and 
nucleus-substituted styrene and at least one organic material selected from the group consisting of methylmethacr- 
ylate. N-substituted maleimide and acrylonitrile. 

(B) Phosphorous Compound 

The phosphorous compound used in this invention is a phosphorous Wend of triarylphosphates and oligomeric 
phosphates, or a synthetic oligomeric phosphate. 

The triarylphosphates, oligomeric phosphates and synthetic oligomeric phosphates are represented as the general 
formula(l) 
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wherein R 1( R 2 , R 3 , R 4 and R 5 independently of one another are C 6 -C 20 aryl or alkyi-substituted C 6 -C 20 aryl and n is 0 
to 5. 

The average n of the phosphorous compound should be in the range of 0.3 to 0.8. Thus, the phosphorous com- 
20 pound is a Wend of the phosphates represented by the general formula(l), wherein n is 0, 1 , 2, 3, 4 or 5. Where n is 0, 
the phosphorous compound is monophosphates, and where n is 1, 2, 3, 4 or 5, the phosphorous compound is oligo- 
meric phosphates. 

The triarylphosphates are phosphorous compounds where n is 0 in the general formula(l). The examples of the tri- 
arylphosphates are triphenylphosphate, tri(2.6-dimethylphenyl) phosphate, tri(4-methyl-phenyl)phosphate, tricresyl- 
25 phosphate, diphenyl 2-ethylcresylphosphate, diphenylcresylphosphate, tri(isopropylphenyl)phosphate, 
trixylenylphosphate, xylenyldiphenylphosphate, etc. 

When the monophosphates with n=0 are only used in a resin composition, a juicing problem appears during a 
molding process, because the monophosphates are volatile at about 200°C or above. If a blend of phosphorous com- 
pounds with the average n of 1 .2 or above is used in a resin composition, a juicing problem can be improved, but the 
so flame retardency and physical properties deteriorate. The phosphorous compound with the average n from 0.3 to 0.8 
may be preferably used in this invention so as to improve the physical properties as well as flame retardency. 

In order for the phosphorous compound to have the average n from 0.3 to 0.8, the phosphorous compound consists 
of 30 to 60 % weight of triarylphosphates and 70 to 40 % by weight of oligomeric phosphates. 

Also a synthetic oligomeric phosphate which may be used in this invention can be prepared, in which the average 
35 n of the synthetic oligomeric phosphate is 0.3 to 0.8. The synthetic oligomeric phosphate is prepared by adding phenol, 
resocinol and dichloromagnesium to benzene, heating the solution, and dropping trichlorophosphinoxide in the solu- 
tion, "me synthetic oligomeric phosphate with the average n of 0.3 to 0.8 is extracted from the resultant solution. The 
phosphorous compound is used in an amount of 5 to 20 parts by weight per 100 parts by weight of the base resin. 

40 (C) Perfluoroalkane Polymer 

The flameproof thermoplastic resin compositions according to the present invention include a perfluoroalkane pol- 
ymer. The examples of the perfluoroalkane polymer are polytetrafluoroethylene, polyvinylidene fluoride, copolymer of 
polytetrafluoroethylene and polyvinylidenefluoride, copolymer of tetrafluoroethylene and fluoroalkylvinylether, and 
45 copolymer of tetrafluoroethylene and hexafluoropropylene. At least one of the perfluoroalkane polymers may be used 
in the flameproof thermoplastic resin compositions. The perfluoroalkane polymer decreases the melting flow of the 
flameproof thermoplastic resin during combustion by forming a fibrillar network in the resin and increase the shrinkage 
of the resin, thereby preventing the dripping of the melting resin during combustion. The perfluoroalkane polymer may 
be preferably used in a form of powder so as to disperse and blend evenly in a flameproof thermoplastic resin compo- 
se sition. Polytetrafluoroethylene with a particle size of 20 to 500 \i is conventionally available for this invention. 0.1 to 2.0 
parts by weight of a perfluoroalkane polymer per 100 parts by weight of the base resin is blended. 

The flameproof thermoplastic resin compositions may further include additives such as inorganic fillers, heat stabi- 
lizers, oxidation inhibitors, light stabilisers, pigments and/or dyes depending on specific applications. The examples of 
the inorganic fillers are asbestos, glass fiber, talc or ceramic. The other additives are conventionally available to a skilled 
55 person in this technical field. The additives may be blended in a resin composition with an amount up to 30 parts by 
weight per 1 00 parts by weight of the base resin. 

The flameproof thermoplastic resin compositions are prepared by blending a base resin, a phosphorous compound 
and a perfluoroalkane polymer with a conventional mixer. An additive may be included in the Wend. The flameproof ther- • 
moplastic resin compositions are prepared in a form of pellet by extruding the blend with a conventional extruder. 
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The flameproof thermoplastic resin compositions have effects that the compositions prevent toxic gases during 
combustion, and have a good combination of heat resistance, no juicing phenomenon, processability, appearance and 
flame retardency. 

The invention may be better understood by reference to the following examples which are intended for the purpose 
5 of illustration and are not to be construed as in any way limiting the scope of the present invention. 

EXAMPLES 

The components to prepare flameproof thermoplastic resin compositions in Examples 1-3 and Comparative Exam- 
io pies 1 -4 are as follow: 

(A) Base Resin 

(a,) Polycarbonate. L- 1250W Grade of Teijin, Inc. of Japan was used. 
'5 (a 2 ) Styrene-containing Graft Polymer 

50 1 g of butadiene latex in powder, 36 g of styrene, 14 g of acrylonttrile, and 150 g of deionized water were blended 
and 1.0 g of potassium oleate. 0.4 g of cumenhydroperoxide and 0.3 g of a grafting reagent were added to the blended 
solution. The resultant solution was kept at 75 'C for 5 hours to prepare styrene- containing graft copolymer. To the sty- 
rene-containing graft copolymer 0.3 g of H 2 S0 4 was added to prepare styrene-containing graft copolymer in powder. 

(B) Phosphorous Compound 

Triphenylphosphate(n=0): triphenylphosphate was prepared by reacting trichlorophosphinoxide with phenol 
Ohgomeric phosphate(n=1 .4): CR-733S of Daihachi Co.. of Japan was used. 

Synthetic oligomeric phosphate: 114.7 g of phenol. 220gof resocinol and 0.2 g of dichloromagnesium were added 
to 100 mi of benzene. The solution was heated to 70"C. 82.8 g of trichlorophosphinoxide was dropped in the solution 
over 2 hours at the temperature of 70°C. The resultant solution was stirred at 120°C over 3 houis not to release hydro- 
gen chlonde gas any more. The solvent and impurities were extracted from the solution so as to prepare synthetic oli- 
gomeric phosphate in liquid at room temperature with a melting point of -25°C and with n of 0.3 to 0.8 in the general 
formula(l). 

(C) Pert luoroalkane Polymer 

35 Teflon(trademarty 7AJ of Dupont, Inc. of U.S.A. was used. 
Examples 1-3 and Comparative Examples 1-4 
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The compositions of each component used in Examples 1 -3 and Comparative Examples 1 -4 are shown in Table 1 
A styrene-containing polymer was not used in Examples 1-3, but used in Comparative Examples 1-4 

In the Exanples and Comparative Examples, the flameproof thermoplastic resin compositions were extruded in a 
form of pellet. And the resin pellets were molded into test specimens. 
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Mo! 


Oligfeeric phosphate 
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All numerals are in grams. 
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For the test specimens according to the Examples and Comparative Examples, flame retardency. impact strength 
and heat resistance were measured, and juicing phenomenon and agglomeration were observed. The test results are 
shown in Table 2. Rg.1-7 represent transmission electron photomicrographs of resin compositions of Examples 1 -3 and 
Comparafive Examples 1-4. Examples 1-3 do not show agglomeration of the styrene-containing graft copolymer Com- 
parative Examples 1, 2 and 4 show agglomeration of the styrene-containing graft copolymer with the styrene-containing 
polymer, but Comparative Example 3 does not show agglomeration. It is believed that the agglomeration depends on 
tne conditions of a molding process. 
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Fig. 1 


Fig. 2 


Fig. 3 


Fig. 4 


Fig. 5 


Fig. 6 


Fig. 7 



I- ULy4Q/l6 ) was tested according to UL 94 VB. 

I- Impact strength was tested according to ASTM D256. 

3: Heat resistance was tested according to ASTM D306, 

4: Juicing was observed with an optical microscope, after 
the specimens were kept at 80t: for 24 hours, 
(x: Juicing was not ovserved, O' Juicing was observed) 

5: Agglomeration was observed with a transmission elec- 
tron microscope. 
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Claims 



1. A flameproof thermoplastic resin composition comprising: 
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(A) a base resin consisting of (a,) 80 to 96 % by weight of a thermoplastic, halogen-free polycarbonate, and 
(aa) 20 to 4 % by weight of a styrene-containing graft copolymer; 

(B) 5 to 20 parts by weight, per 100 parts by weight of the base resin(A), of a phosphorous compound consist- 
ing of 30 to 60 % by weight of triarylphosphates and 70 to 40 % by weight of oligomeric phosphates of the gen- 
eral formula 




wherein R 1( R 2 , R 3 , R4 and R 5 independently of one another are C 6 -C2 0 ary! or alkyl-substituted Cs-C™ aryl 
and n is 1 to 5; and □ *u / » 

(C) 0.1 to 2.0 parts by weight, per 100 parts by weight of the base resin(A), of a perfluoroalkane polymer. 

2. The thermoplastic resin composition defined in claim 1 wherein said phosphorous compound is represented as the 
general formula, in which the average n of the phosphorous compound is 0.3 to 0.8, 



Hi— O P O— -f-R, n 1 



0->7 



wherein R 1( R 2 , R 3 , R 4 and R 5 independently of one another are Cg-Cao aryl or alkyl-substituted (VC*, aryl, and 
n is 0 to 5. 



3. The thermoplastic resin composition defined in claim 1 or 2 wherein said styrene-containing graft copolymer has a 
graft index from 40 to 90 % and a gel content of 40 % or above, which is copolymerized with 30 to 70 % by weight 
of rubber with a glass transition temperature less than 10 20 to 55 % by weight of at least one organic material 
selected from the group consisting of styrene, o-substituted styrene and nucleus-substituted styrene 5 to 25 % by 

so weigMofacnrlonitrileand0to20%byweightofmethylmethacrylate. 

4. The thermoplastic resin composition defined in any preceding daim 1 to 3 wherein said pert luoroalkane polymer is 
selected from the group consisting of polytetrafluoroethylene, polyvinylidenef luoride, copolymer of tetrafluoroethyl- 
ene and vinylidene fluoride, copolymer of tetrafluoroethytene and f luoroalkyMnylether, and copolymer of tetraf luor- 

55 oethylene and hexafluoropropylene. 

5. The thermoplastic resin composition defined in any preceding claim 1 to 4 wherein said resin composition further 
comprises inorganic fillers, heat stabilizers, oxidation inhibitors, light stabilizers, pigments and/or dyes. 
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6. A flameproof themoplastic resin composition comprising : 

(A) a base resin consisting of (a,) 80 to 96 % by weight of a thermoplastic, halogen-free polycarbonate, and 
(a 2 ) 20 to 4 % by weight of a styrene-containing graft copolymer; 

(B) 5 to 20 parts by weight, per 100 parts by weight of the base resin(A), of a synthetic oligomeric phosphate 
representing as the general formula, in which the average n of the synthetic oligomeric phosphate is 0 3 to 0 8 
and 



0 0 



Ri 0— P — 0-f-R 3 0— P 0 R 5 



0 0 



R 2 R 4 



wherein R 1( R 2 . R 3 , R 4 and R 5 independently of one another are C 6 -C 20 aryl or alkyl-substituted C 6 -C 20 aryl 
and n is 0 to 5. 

(C) 0.1 to 2.0 parts by weight, per 100 parts by weight of the base resin(A). of a perfluoroalkane polymer. 

7. The thermoplastic resin composition defined in claim 6 wherein said styrene-containing graft copolymer has a graft 
index from 40 to 90 % and a gel content of 40 % or above, which is copolymerized with 30 to 70 % by weight of 
rubber with a glass transition temperature less than 10°C, 20 to 55 % by weight of at least one organic material 
selected from the group consisting of styrene, a-substituted styrene and nucleus-substituted styrene, 5 to 25 % by 
weight of acrylonitrile and 0 to 20 % by weight of methylmethacrylate. 

*. The thermoplastic resin composition defined in claim 6 or 7 wherein said perfluoroalkane polymer is selected from 
the group consisting of polytetraf luoroethylene, polyvinylidenefluoride, copolymer of tetrafluoroethylene and vinyli- 
dene fluoride, copolymer of tetrafluoroethylene and f luoroalkylvinylether, and copolymer of tetrafluoroethylene and 
hexafluoropropylene. 

I The thermoplastic resin composition defined in any preceding claim 6 to 8 wherein said resin composition further 
comprises inorganic fillers, heat stabilizers, oxidation inhibitors, light stabilizers, pigments and/or dyes. 
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FIG. 2 
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FIG. I 
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FIG. 7 
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